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Abstract From April 2009 to October 2011, we surveyed the higher fungi in the Byeonsanbando National Park, Korea. In total, 
we identified 2 kingdoms, 3 divisions, 7 classes, 22 orders, 63 families, 149 genera, and 313 species (including 6 undocumented 
taxa: 2 families, 2 genera, and 2 species). Seventeen 17 orders, 49 families, 128 genera, and 286 species belonged to 
Basidiomycota; 7 orders, 9 families, 15 genera, and 21 species were of Ascomycota; and 4 orders, 5 families, 6 genera, and 6 
species of primordial fungi. Among the Basidiomycota, Agaricomycetes were represented by 47 families, 126 genera, and 282 
species. The most common fungi were Boletaceae (33 species), followed by Russulaceae (30), Agaricaceae (27), and Amanitaceae 
(24). Various species of most of the higher fungi occurred during periods with average temperatures of 23—24. 9°C, maximum 
temperatures of 28—31. 9°C, minimum temperatures of 22— 23.9°C, > 82% relative humidity, and > 200 mm precipitation. 
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Byeonsanbando National Park spans 4 myeons (townships) 
in Buan-gun, Jeollabuk-do, Korea. The park is located in a 
relatively low mountainous area at <500 m altitude, where 
pine trees are widely distributed throughout the area. Pinus 
thunbergii, P. rigida, Quercus variabilis, Q. serrata, and 
Carpinus laxiflora are dominant, providing various habitats 
for higher fungi. 

Most of the higher fungi belong to Basidiomycota and 
Ascomycota, although their ecotypes and habitats are 
different. Some of these fungi are parasitic pathogens that 
damage trees, but they also play a role as decomposers of 
plants, including leaves and timber, which is a crucial 
ecosystem function in breaking down organic matter and 



supplying various nutrients to trees while maintaining 
symbiotic relationships with higher plants [1]. 

For ectotrophic mycorrhizal fungi that live together with 
trees, species organization and numbers are greatly affected 
by anthropogenic factors, including logging [2, 3] and 
pollution [4], by natural factors, including drought [5] and 
soil temperature change [6], and by location factors such as 
microclimate, forest cover rate, stand density index, and 
the number of dead trees [7-11]. 

Here, we surveyed the distribution of higher fungi in 
Byeonsanbando National Park by altitude and time of year 
to provide basic data for biodiversity conservation and to 
clarify the effects of chmate factors on the distribution of 
higher fungi. 

MATERIALS AND METHODS 

Study period. We conducted 52 surveys between April 
2009 and October 2011 (20 in 2009, 14 in 2010, and 18 in 
2011). The surveyed area (126°37'40" to 126°44'20" E, 
34°21'40" to 34°47'20" N) followed 2 main hiking paths: 1) 
Naebyeonsan hiking center to Jaebaeki gogae, Gwaneumbong 
fork, Naesosa, Gulbawui, Gamaso fork, Sebong fork, and 
Naesosa, and 2) Namyeochi park center to Ssangsunbong, 
Tower of environment protection, and Naebyeonsan hiking 
center These hiking trails were assumed to be favorable 
grounds to support the growth of higher fungi. By using 
the road transect method, we surveyed 10 m on each side 
of the trails (Fig. 1). 
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Fig. 1. Map of surveyed area. A indicated Byensanbando National Park. 



Collection. Because all fungi changed their shapes 
ontogeneticaUy during the survey, we collected both young 
and mature fruit bodies. The collected mushrooms were 
carefully sealed in envelopes and transferred to the lab 
after noting the location and date of collection and their 



habitats. For species that were difficult to categorize, we 
used Melzer fluid, assessed the chemical reaction to KOH 
or Guaiacol, and visuahzed them under a microscope to 
observe the basidium, spores, and cystidia. Fungi were 
initially categorized into AphyUophorales [12] and Agaricales 
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[13], and the final categorization followed CABI's Index 
Fungorum (http://www.indexfungorum.org/). 

Climate and data analyses. Climatic data from the 
Buan Weather Station were used, and the average climatic 
data during the research period (from the day after the 
survey to the day of survey) were used (Table 1). Fungi 
that occurred during the survey period were categorized 
into 5 phases of climatic factors (temperature [mean, 
maximum, and minimum], humidity, and precipitation). 

Table 1. Climatic data in Buan city from AprO 2009 to 
October 2011 

Air temperature (°C) Relative Rainfall 

Period 1 ■ 1- / % 

Mean Max. Min. humidity (%) (mm) 



ANOVA was conducted to identify differences between 
species occurrence by environment, which were then 
compared using Duncan's test ver. 12.0K (SPSS Inc., 
Chicago, IL, USA). 

RESULTS AND DISCUSSION 

Diversity of higher fungi. In total, we identified 2 
kingdoms, 3 divisions, 7 classes, 22 orders, 63 families, 149 
genera, and 313 species (including 6 undocumented taxa: 2 
families, 2 genera, and 2 species). Details are provided in 
Table 2. 

We found that 17 orders, 49 families, 128 genera, 286 
species belonged to Basidiomycota; 7 orders, 9 families, 15 
genera, and 21 species were of Ascomycota; and 4 orders, 5 
families, 6 genera, and 6 species of primordial fungi. 
Among the Basidiomycota, 11 orders, 47 families, 126 genera, 
and 282 species belonged to Agaricomycetes; 1 order, 1 

Table 2. List of higher fungi collected from 2004 to 2006 in 
Byeonsanbando National Park 

Families Genera Species 

Fungi 
Basidiomycota 



Agaricomycetes 



Agaricales 


22 


63 


147 


Auriculariales 


1 


3 


6 


Boletales 


6 


18 


41 


CanthareUales 


2 


3 


7 


Corticiales 


1 


1 


1 


Geastrales 


1 


1 


3 


Hymenochaetales 


3 


5 


5 


PhaUales 


1 


4 


5 


Polyporales 


5 


22 


30 


Russulales 


3 


4 


34 


Thelephorales 


2 


2 


3 


Dacrymycetes 








Dacrymycetales 


1 


1 


1 


Tremellomycetes 








Tremellales 


1 


1 


3 


Ascomycota 








Leotiomycetes 








Helotiales 


2 


2 


3 


Leotiales 


1 


1 


1 


Pezizomycetes 








Pezizales 


3 


6 


7 


Sordariomycetes 








Hypocreales 


2 


3 


6 


Xylariales 


1 


3 


4 


Protozoa 








Amoebozoa 








Myxogastrea 








Liceida 


1 


2 


2 


Physarida 


1 


1 


1 


Stemonitida 


1 


1 


1 


Trichiida 


2 


2 


2 


Total 


63 


149 


313 



19 Apr. 2009 


13.0 


21.5 


6.0 


60.5 


2.0 


24 May 


16.8 


22.1 


12.2 


72.5 


83.4 


7 Jun. 


20.1 


26.1 


14.9 


66.7 


6.0 


10 Jul. 


23.8 


27.9 


20.0 


78.7 


134.1 


17 Jul. 


24.7 


28.4 


22.3 


86.1 


250 


27 Jul. 


25.0 


28.5 


22.0 


79.4 


70.6 


1 Aug. 


24.6 


28.7 


21.3 


77.1 


8.0 


8 Aug. 


25.4 


30.4 


21.6 


77.5 


74.7 


13 Aug. 


26.7 


30.6 


24.1 


80.9 


57.5 


28 Aug. 


26.0 


30.9 


22.1 


75.9 


13.8 


4 Sep. 


23.5 


28.7 


19.1 


76.9 


24.2 


20 Sep. 


21.6 


27.3 


16.7 


74.4 


14.0 


7 Oct. 


19.8 


25.6 


15.1 


74.6 


42.0 


16 Oct. 


15.8 


22.7 


10.0 


68.6 


5.0 


16 May 2010 


16.1 


22.7 


10.1 


65.7 


5.5 


2 Oct. 


17.3 


22.5 


13.4 


78.3 


113.5 


19 Oct. 


21.9 


27.5 


17.8 


73.2 


14.9 


4 Oct. 


23.4 


28.0 


20.1 


80.7 


73.5 


9 Oct. 


24.9 


29.3 


21.4 


77.7 


0.7 


14 Oct. 


24.0 


28.6 


20.6 


82.9 


80.0 


23 Oct. 


26.9 


31.2 


23.5 


78.1 


77.6 


1 Aug. 


26.6 


31.7 


23.2 


80.7 


41.7 


7 Aug. 


27.7 


32.6 


24.8 


82.0 


45.5 


14 Aug. 


27.6 


31.9 


24.2 


81.6 


132.5 


4 Sep. 


26.8 


31.6 


23.7 


83.5 


212.6 


26 Sep. 


23.1 


28.0 


19.5 


79.8 


88.0 


8 Oct. 


16.3 


21.6 


11.6 


75.7 


22.6 


29 Apr. 2011 


11.4 


16.8 


6.0 


69.3 


22.4 


12 May 


16.6 


21.9 


11.6 


76.1 


102.5 


27 May 


17.9 


23.2 


12.9 


68.4 


11.0 


10 Jun. 


20.0 


25.8 


15.5 


73.4 


0 


19 Jun. 


21.8 


27.3 


17.5 


72.4 


0.2 


15 Jul. 


24.2 


27.7 


21.5 


84.6 


455.9 


22 Jul. 


27.7 


32.5 


24.0 


75.7 


1.7 


28 Jul. 


27.3 


31.2 


24.6 


78.7 


5.0 


3 Aug. 


27.3 


31.8 


24.5 


81.6 


22.1 


14 Aug. 


27.2 


31.1 


24.6 


80.9 


273 


23 Aug. 


24.2 


27.7 


21.3 


84.9 


25.1 


9 Sep. 


24.1 


28.6 


20.6 


80.2 


39.0 


21 Sep. 


22.2 


26.9 


18.7 


81.2 


21.8 


8 Oct. 


16.4 


22.9 


10.5 


71.1 


5.5 


13 Oct. 


15.9 


23.0 


9.6 


76.7 


0 


21 Oct. 


14.3 


19.8 


9.0 


71.6 


11.5 
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family, 1 genus, and 1 species belonged to Dacrymycetes; 
and 1 order, 1 family, 1 genus, and 3 species were 
Tremellomycetes. Among the Ascomycota, 2 orders, 3 
families, 3 genera, and 4 species were identified as 
Leotiomycetes; 1 order, 3 families, 6 genera, and 7 species 
were Pezizomycetes; and 2 orders, 3 families, 6 genera, and 
10 species belonged to Sordariomycetes, which implies that 
most of the higher fungi belonged either to Agaricomycetes 
of Basidiomycota. 

Agaricales included 22 families, 63 genera, and 147 
species; Boletales included 6 families, 18 genera, and 41 
species; Russullales included 3 families, 4 genera, and 34 
species; and Polyporales included 5 families, 22 genera, 
and 30 species. Together, the 4 orders included 252 species, 
accounting for 80.5% of the total species surveyed. We 
found 33 species of Boletaceae, 30 Russulaceae, 27 Agaricaceae, 
and 24 Amanitaceae. 

Among the higher fungi, ectomycorrhizal mushrooms 
included 13 families, 26 genera, and 117 species (37.4%); 
leaf and wood-rotting fungi included 36 families, 78 
genera, and 122 species (39.0%); ground fungi included 20 
families, 42 genera, and 67 species (21.4%); and others 
included 3 families, 4 genera, and 7 species (2.2%). A 
previous study reported that out of 131 genera and 274 
species of higher fungi found on Mt. Chiak, ectomycorrhizal 
mushrooms represented 32.7%, 63% were saprophyte parasites, 
and 4% were parasitic fungi [14]. The occurrence of 
ectomycorrhizal mushrooms was higher in our survey, but 
lower than that in a study on higher fiingi on Mt. Odae, 
which showed that out of 281 species, 49.1% were 
ectomycorrhizal, 49.5% were saprophyte parasites, and 
1.4% were parasitic fungi [15]. 

Distribution of liiglier fungi by survey period. Aimual 

occurrences of higher fungi (Figs. 2 and 3) were highest in 
2009, with 53 families, 120 genera, and 223 species, followed 
by 2011 (51 families, 103 genera, 184 species) and 2010 (46 
families, 90 genera, 176 species). 

Among the survey periods, the highest number of fungi 
was recorded in July 2009, with 38 famiUes, 79 genera, and 
144 species, followed by July 2010 (36 families, 68 genera, 
125 species) and July 2011 (36 families, 53 genera, 97 
species); no fungi were observed in April 2009 and 2010 
and June 2011. When the data were categorized by month 
(Fig. 3), the highest numbers were recorded in July (51 
families, 109 genera, 227 species), followed by August (48 
families, 92 genera, 169 species), September (33 families, 
59 genera, 92 species), and April (2 families, 2 genera, 2 
species). These results suggest that climate factors, including 
temperature, humidity, and precipitation, affected the 
occurrence of higher fungi, similar to reports on changes 
in ectomycorrhizal fungi group structure being affected by 
climate change [16-18]. 

Comparing dominant fungi by months (Table 3), 5 
families (Agaricaceae, Amanitaceae, Boletaceae, Polyporaceae, 
Russulaceae) occurred from July to September; in particular. 
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Fig. 2. The number of higher fungi during the surveying 
periods in Byeonsanbando National Park. 
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Fig. 3. The number of species of higher fungi according to 
the month in Byeonsanbando National Park. 

Boletaceae and Russulaceae were represented by over 30 
species, making these families more dominant than other 
fungi. This was similar to a report that among higher 
fungi found on Mt. Naejang, Boletaceae, Russulaceae, and 
Polyporaceae were represented by many different species [19]. 

Categorization of higher fungi by altitude. Comparing 
the distribution of higher fungi by altitude (Fig. 4), we 
recorded the highest number (47 families, 93 genera, 167 
species) at 100-199 m altitude in 2009; the smallest number 
(9 famiUes, 12 genera, 13 species) was recorded at > 300 m 
altitude in 2010. Combining all results (Fig. 5), most 
occurrences were recorded at 0-99 m (57 families, 119 
genera, 247 species), followed by 100-199 m (51 families. 
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Table 3. Distribution of species of higher 


fungi during 


the surveying 


periods in 


Byeonsanbando National Park 




Families 


Apr. 


May 


Jun. 


Jul. 


Aug. 


Sep. 


Oct. 


Agaricaceae 




1 


2 


17 


11 


6 


3 


Amanitaceae 








21 


18 


11 




Boletaceae 








32 


18 


8 




Polyporaceae 








10 


11 


9 


3 


Russulaceae 






1 


28 


20 


9 


1 


Others 


(2)2 


(15) 22 


(16) 21 


(46) 119 


(43) 91 


(28) 49 


(18) 23 



Numbers in parentheses are presented as numbers of families. 
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Fig. 4. The number of higher fungi according to the altitude 
during the surveying periods in Byeonsanbando National Park. 
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Fig. 5. The number of species of higher fungi according to 
the altitude in Byeonsanbando National Park. 



species decreases. These results corroborate a previous 
report on declining richness and diversity of species with 
increased altitude [20] . 

When examining the distribution of dominant fungi 
by altitude (Table 4), we found that the occurrences of 
Agaricaceae, Amanitaceae, Boletaceae, Polyporaceae, and 
Russulaceae were higher than those of the other taxa in 
most regions. In particular, the occurrence of Polyporaceae 
was relatively higher in areas > 300 m in altitude, whereas 
that of the other dominant fungi decreased sharply. This 
result suggests that the Polyporaceae are less affected by 
changes in climate and soil nutrition related to higher 
altitude than other fungi are. Previous research has 
demonstrated that the group structure of ectomycorrhizal 
fungi is affected by factors such as climate condition [21] 
and soil nutrition [22]. 



116 genera, 227 species), 200-299 m (28 families, 57 genera, 
83 species), and > 300 m (20 families, 37 genera, 56 species), 
implying that writh increasing altitude, the number of 



Distribution of climatic factors. The distribution of 
fungal habitats by climatic factors is presented in Tables 
5-9. 

Most fungi, including ectomycorrhizal mushrooms. 



Table 4. Distribution of species of higher fungi according to the altitude in Byeonsanbando National Park 



Families 






Altitude (m) 






99 


100-199 


200-299 


>300 


Total 



Agaricaceae 22 14 

Amanitaceae 23 16 

Boletaceae 27 27 

Polyporaceae 11 14 

Russulaceae 29 28 

Others (52) 135 (46) 128 



5 4 27 

7 4 24 

8 6 33 

9 10 18 
9 8 30 

(23) 45 (19) 24 (58) 181 



Numbers in parentheses are presented as numbers of families. 
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Table 5. Duncans multiple range test between mean air 
temperature and species of higher fungi according to habitat 
environmental characteristics 



Mean A.T. (°C) 


E.M.F. 


L.W.F. 


G.F. 


O.F. 


< 15.9 


0.2000' 


1.8000" 


0.0000' 


o.oooo' 


16.0-19.9 


0.5000' 


4.3750" 


2.2500'' 


o.oooo' 


20.0-22.9 


2.6667' 


2.8333"" 


1.6667' 


0.0000' 


23.0-24.9 


14.3636' 


12.272/ 


5.7273' 


0.8182* 


25.0-26.9 


16.5714" 


8.4286* 


5.2857* 


0.8571* 


>27.0 


lO.OOOO" 


8.0000*' 


2.8333*' 


1.1667" 



Mean A.T., mean air temperature; E.M.F., ectomycorrhizal fungi; 
L.W.F., litter decomposing and wood rotting fungi; G.F., groimd- 
ing fungi; O.F., others fungi. 

""''The mean difference is significant at the 0.05 level. 



Table 6. Duncans multiple range test between maximum air 
temperature and species of higher fungi according to habitat 
environmental characteristics 



Max. A.T CO 


E.M.F. 


L.W.F. 


G.E 


O.E 


<21.9 


0.4000' 


1.4000' 


1.4000" 


O.oooo' 


22.0-25.9 


0.3333' 


4.1111* 


1.2222" 


O.oooo' 


26.0-27.9 


10.3750* 


8.6250" 


4.3750" 


0.1250' 


28.0-29.9 


11.6667" 


10.0000" 


4.8889" 


1.1111' 


30.0-31.9 


14.3000" 


8.9000" 


4.0000" 


0.8000* 


>32.0 


9.5000* 


5.5000* 


4.0000" 


1.5000' 



Max. A.T., maximum air temperature; E.M.F., ectomycorrliizal 
fimgi; L.WE, litter decomposing and wood rotting fimgi; G.E, 
groimding fungi; O.F., others fungi. 
"■'The mean difference is significant at the 0.05 level. 



Table 7. Duncan's multiple range test between minimum air 
temperature and species of higher fungi according to habitat 
environmental characteristics 



Min. A.T fC) 


E.M.E 


L.W.E 


G.E 


O.E 


< 11.9 


0.3333'' 


2.6667' 


0.8889' 


0.0000' 


12.0-16.9 


2.0000'' 


3.8571' 


2.5714" 


0.0000' 


17.0-19.9 


4.2000"' 


6.2000* 


1.6000' 


0.2000" 


20.0-21.9 


14.3333* 


11.4444" 


5.1111* 


0.5556" 


22.0-23.9 


19.8333" 


10.8333" 


7.3333" 


1.5000" 


>24.0 


9.8571" 


7.5714* 


3.0000" 


1.0000* 



Min. A.T., minimum air temperature; E.M.E, ectomycorrhizal 
fungi; L.W.F., litter decomposing and wood rotting fungi; G.E, 
groimding fungi; O.E, others fungi. 
""''The mean difference is significant at the 0.05 level. 



wood-rotting fungi, and ground fungi, were prevalent at 
mean temperatures of 23.0~24.9°C (Table 5); in particular, 
ectomycorrhizal mushrooms were the most prevalent at 
25.0~26.9°C. The occurrence of most fungi decreased 
above 27.0''C. 

Regarding the maximum temperature (Table 6), all fungi, 
including ectomycorrhizal mushrooms, wood-rotting fungi, 
and ground fungi, were the most prevalent at 28~31.9°C. 
Ground fungi in particular were common above 32.0''C, 



Table 8. Duncan's multiple range test between relative humidity 
and species of higher fungi according to habitat environmental 

characteristics 



R.H. (%) 


E.M.E 


L.W.E 


G.E 


O.E 


<69.9 


0.6667' 


3.5000" 


1.6667' 


O.oooo' 


70.0-73.9 


0.5000' 


2.5000'' 


1.1667' 


O.oooo' 


74.0-76.9 


5.1250" 


5.1250"" 


2.3750' 


0.2500' 


77.0-79.9 


13.1111* 


9.2222*^ 


3.8889' 


0.4444' 


80.0-81.9 


9.8750* 


9.5000* 


3.0000' 


0.6250' 


>82.0 


18.3333* 


11.1667" 


8.3333" 


1.8333" 



R.H., relative humidity; E.M.E, ectomycorrhizal fimgi; L.W.E, Ut- 
ter decomposing and wood rotting fimgi; G.E, grounding fimgi; 
O.F., others fungi. 

""''The mean difference is significant at the 0.05 level. 



Table 9. Duncans multiple range test between Rainfall and 
species of higher fungi according to habitat environmental 
characteristics 



Rainfall (mm) 


E.M.E 


L.W.E 


G.E 


O.E 


<9.9 


3.5833' 


4.6667' 


1.5833' 


0.1667' 


10.0-19.9 


3.6000' 


2.8000' 


2.2000' 


O.oooo' 


20.0-49.9 


9.4000* 


9.0000* 


3.4000' 


0.5000' 


50.0-99.9 


11.0000* 


8.1250* 


4.6250' 


0.6250' 


100.0-199.9 


8.5000* 


7.2500* 


2.5000' 


0.2500' 


> 200.0 


19.5000' 


12.2500" 


8.5000" 


2.2500" 



E.M.F., ectomycorrhizal fungi; L.W.E, litter decomposing and 
wood rotting fimgi; G.E, groimding fungi; O.E, others fimgi. 
"■'The mean difference is significant at the 0.05 level 



whereas ectomycorrhizal mushrooms and wood-rotting 
fungi showed decreased numbers at higher temperatures. 

Regarding the minimum temperature (Table 7), most 
fimgi were foimd at 22~23.9°C. Wood-rotting fungi showed 
high prevalence at 20.0-2 1.9°C, and the numbers of most 
fimgi decreased above 24.0°C. 

Regarding relative humidity and precipitation (Tables 8 
and 9), all fungi were the most prevalent at > 82% relative 
humidity and > 200 mm precipitation. 

Most of the higher fungi occurred during periods with 
average temperatures between 23°C and 24.9°C; maximum 
and minimum temperatures of 28-31. 9°C and 22~23.9''C, 
respectively; relative humidity > 82%; and precipitation 
> 200 mm. The results are similar to those in previous 
studies, indicating that the occurrence of ectomycorrhizal 
fruit bodies is affected by precipitation and temperature 
[23] and also by relative humidity and precipitation [24]. 
Further, the results are also similar to those of another 
study, indicating that several ectomycorrhizal fungal species 
occur during periods with average temperatures > 23°C, 
maximum temperatures > 29''C, and precipitation above 
200 mm [25]. We propose that abrupt climate change in 
forests will Ukely accelerate the rapid decrease in 
populations of higher fungi that play diverse roles in forest 
ecosystems, which may in turn affect forest ecosystem 
health. 
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